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Epithelial –mesenchymal 
transformation (EMT)

+ From epithelial  to mesenchymal phenotype

+ MET (mesenchymal to epithelual)

+ Wound healing

+ Development

+ Metastases.

wound healing assay - Pesquisa Google

https://www.google.com.br/search?q=wound+healing+assay&source=lmns&tbm=vid&hl=pt-BR&sa=X&ved=2ahUKEwjL-cWfgv6BAxWePrkGHdqSDJgQ_AUoAnoECAEQAg#fpstate=ive&vld=cid:e9b3e2b0,vid:OWC8pGMqza0,st:0


O epitélio

+ Cells forming layers.

+ Apical-Basal polarization

+ Molecular markers (proteins)

+ Mathematical tools : vertex model, elasticity theory, 

active solids

+ Resistence, elasticity, constant renovation.



Vertex model

+ Resultados

+ Limitações



Mesenchymal cells

+ Migration

+ Chemotaxis

+ Adhesion to matrix componentes (fibers)

+ Rear-front polarization.

Zhou et al.
J Cell Sci (2020) 133 (17): jcs248880.

https://www.google.com.br/search?q=wound+healing+assay&source=lmns&tbm=vid&hl=
pt-BR&sa=X&ved=2ahUKEwjL-
cWfgv6BAxWePrkGHdqSDJgQ_AUoAnoECAEQAg#fpstate=ive&vld=cid:e9b3e2b0,vid:O
WC8pGMqza0,st:0

https://www.google.com.br/search?q=wound+healing+assay&source=lmns&tbm=vid&hl=pt-BR&sa=X&ved=2ahUKEwjL-cWfgv6BAxWePrkGHdqSDJgQ_AUoAnoECAEQAg#fpstate=ive&vld=cid:e9b3e2b0,vid:OWC8pGMqza0,st:0
https://www.google.com.br/search?q=wound+healing+assay&source=lmns&tbm=vid&hl=pt-BR&sa=X&ved=2ahUKEwjL-cWfgv6BAxWePrkGHdqSDJgQ_AUoAnoECAEQAg#fpstate=ive&vld=cid:e9b3e2b0,vid:OWC8pGMqza0,st:0
https://www.google.com.br/search?q=wound+healing+assay&source=lmns&tbm=vid&hl=pt-BR&sa=X&ved=2ahUKEwjL-cWfgv6BAxWePrkGHdqSDJgQ_AUoAnoECAEQAg#fpstate=ive&vld=cid:e9b3e2b0,vid:OWC8pGMqza0,st:0
https://www.google.com.br/search?q=wound+healing+assay&source=lmns&tbm=vid&hl=pt-BR&sa=X&ved=2ahUKEwjL-cWfgv6BAxWePrkGHdqSDJgQ_AUoAnoECAEQAg#fpstate=ive&vld=cid:e9b3e2b0,vid:OWC8pGMqza0,st:0


Video
Maiuri et al,
 Cell 2015

Maiuri, Cell 2015Maiuri,…, Voituriez,
Cell 161, 374–386, April 9, 2015



Abercrombie  model

Abercrombie et al., Experimental cell research,1971



Design:
• 0 – Medium

• The Cell: 3 compartments

1. Nucleus

2. Cytoplasm

3. Lamellipodium (Front)

• 4 – Substratum

• Actin cortex

→ density fields  (actin polymers 
represented by F-Actin)

• No focal contacts

Dynamics:
1) F-actin favors the overwriting of medium lattice sites 

(black) by lamellipodium (green) lattice sites
2) The volume constraint of the cell compartments 

backpropagates the lamellipodium extension and 
causes the cell to displace

3) The cell acquires a polarization axis, which causes the 
cell to migrate persistently in the direction of 
polarization

Schematic representation of the simulated cell by Ismael Fortuna

Polarization axis

Fortuna, ..., RMCdeA, Biophysical Journal, 118, p 2801, 2020
https://doi.org/10.1016/j.bpj.2020.04.024





Simulations

Modified Furth 
Equation



Cell geometry and movement are correlated. 
Are They?
How simulations may help.

Thomas,...,RMCdA, Physica A, 550 (2020) 
124493



Chemotaxis
Dal Castel,..., RMCdeA, 2023, in preparation



Gene 

ExpressAnálise de 

Expressão Gênica: 

EMT e Ciclo Celular

Transcriptogramas 

Model for gene  

expression. 

Dynamics for 

EMT ans Cell 

Cycle

CompuCell3D Models
Wound Healing in 
vitro
Spheroids: 3D 
migration

Spheroids: original data

Wound Healing: literature.

Validation, 

parameters

Incorporating 

gene dynamics 

into 

CompuCell 

Comparison

BACK to EMT



Regulatory gene networks and EMT

+ Cell life is a manifestation of biochemical reaction involving 
many thousands of proteins, RNAs and metabolites. 

+ Non-linear reactions, interactions with cell invronment.

+ Feed back loops

+ Many attractors. Stable phenotypes associated with attractors.

+ External stimulii may triger the transition between attractors

+ EMT is such a case.(?)



Biological networks are minimally frustrated

+ Simple models work;

+ Different models work.

+ There are Boolean models.

Tripathi, Kessler, Levine
PRL,125, 088101 (2020); PNAS 120, e2216109120 (2023)



Inspired by spin systems!

Tripathi, Kessler, Levine
PRL,125, 088101 (2020); PNAS 120, e2216109120

Random networks: 𝐽𝑖𝑗 may assume -1,0,1 and 

are randomly chosen.
Comparison with biological systems with the 
same connections. 

.

Stable states in biological  networks 
have basins large basins of attraction 
and the stable states are minimally 
frustrated.



Information Space dynamics
De Almeida, Espinosa, Idiart

PRE 74, 041912 2006
(1,0,0) =4

(1,1,1) =7

(0,0,1) =1

(1,1,0) =6

(1,0,1) =5

(0,1,1) =3

(0,1,0) =2

Intensidade de 
expressão da info 𝜎

Lemke and de Almeida, 
2004. Physica A 340, 309.



A dinâmica



Harvesting information from cells
+ Single cell RNASeq for  EMT➔   data on gene expression.

+ EMT induction by TGFbeta. Measurements at t=0, t=1day and  t=8 days.

+ Results: there are diferente trajectories.

                     There are transiente, hybrid states

                     Different cells presente different transition rates.

                   

Deshmukh et al. PNAS118, 
e2102050118 (2021)

Noise in  experimental measurements may represent na issue. 

Proposed models do not handle well the dependence with the stimulus application 
time.

Our proposal: Transcriptograms 
                           Information space dynamics.



Transcriptogramas Rybarczyk-Filho,…, RMCdeA, Nucleic Acids Research, 2011, Vol. 39 3005–3016
Morais, de Almeida, Dalmolin, Bioinformatics, 2019, 1–2

de Almeida et al. Human Genomics (2016) 10:37



International Patent
TARGETING cGMP-RELATED PHOSPHODIESTERASES TO REDUCE CYST FORMATION IN 

CYSTIC KIDNEY DISEASE, AND RELATED MATERIALS AND METHOD

Robert Bacallao, Sherry G. Clendenon, Rita Maria Cunha de Almeida and James A. Glazier

United States US10456404B2 

China: CN107847462B 

Australia: AU2016233426B2 

Canada: CA2982436A1 

Europe: EP3267986A4 



The project

Epitélio

✓ Passive

• Active Solid (work in 

progress)

• Intercalation, growth, 

apoptosis (future)

Metabolic pathways and EMT
✓  Model adequation for EMT (work in 

progress)
▪ Choice of parameters

Mesenchymal cells
Collective migration
✓ Volume exclusion
• Cell-Cell adhesions
✓ External signaling
• Cell-cell signaling
• Non-homogeneous substrates                  
               Collaboration  with Nir Gov’s lab    

                     (Weizmann Institute of Science)

Mesenchymla cells
Isolated migration
✓ Flat substrates
✓ Chemotaxis
✓ Polarization and movement
• Shape and movement – Collaboration  with
                   Yi Jiang´s lab (Georgia State University)



Active solids: 
epithelium

Phenotype 
transition

Mesenchymal 
migration

wound healing assay - Pesquisa Google

Same 
cellular 
model 

https://www.google.com.br/search?q=wound+healing+assay&source=lmns&tbm=vid&hl=pt-BR&sa=X&ved=2ahUKEwjL-cWfgv6BAxWePrkGHdqSDJgQ_AUoAnoECAEQAg#fpstate=ive&vld=cid:e9b3e2b0,vid:OWC8pGMqza0,st:0


Vision and potentiale possibilidades

+ Digital twins ( precision, personalized medicine)

+ Therapy and drugs

+ Tissue engineering



Thank you!



The computational model: Physics

𝐸 = 𝐸𝑖𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑒 + 𝐸𝑡𝑎𝑟𝑔𝑒𝑡 𝑣𝑜𝑙𝑢𝑚𝑒

𝐸𝑖𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑒 =෍

Ԧ𝑟

෍

𝑣 Ԧ𝑟

𝐽 𝜎 Ԧ𝑟 , 𝐶 Ԧ𝑟 ; 𝜎 Ԧ𝑣 , 𝐶 Ԧ𝑣 , 𝐸𝑡𝑎𝑟𝑔𝑒𝑡 𝑣𝑜𝑙𝑢𝑚𝑒 = ෍

𝐶=1

3

𝜆𝐶 𝑉𝐶 − 𝑉𝐶
𝑡𝑎𝑟𝑔𝑒𝑡 2

,

∆𝐸𝐹−𝑎𝑐𝑡𝑖𝑛= 𝜆𝐹−𝑎𝑐𝑡𝑖𝑛 𝐴 Ԧ𝑣 − 𝐴 Ԧ𝑟 𝛿 𝐶 Ԧ𝑟 − 3 𝛿 𝜎 Ԧ𝑣 −medium ,

𝜕𝐴 Ԧ𝑟, 𝑡

𝜕𝑡
= 𝐷𝐹𝛻

2𝐴 Ԧ𝑟, 𝑡 + 𝑘𝑠𝑜𝑢𝑟𝑐𝑒𝛿 𝐶 𝑥, 𝑦, 1 − 3 − 𝑘𝑑𝑒𝑐𝑎𝑦 𝐴 Ԧ𝑟, 𝑡 ,



Células mesenquimais: Cellular Potts model

Fortuna, ..., RMCdeA, Biophysical Journal, 118, p 2801, 2020
https://doi.org/10.1016/j.bpj.2020.04.024



Fortuna,...RMCdA., Biophysical J. 118, 2801-2815, 2020



Simulation 
Phenotypes





EMT: multiscale, multi-organs, and 
cellular environment.
+ Cell biochemical alterations;

+ Secretion and reception of molecules;

+ Transport through blood stream.

+ Mechanical interactions (cell-cell adhesions, Cell-ECM 
adhesions)

+ Quantitative simulations aiming at personal, precision 
medicine.
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